Introduction
Dyslipidemia, abdominal obesity and diabetes are central components of cardiometabolic disorders and major risk factors for cardiovascular disease. Waist circumference, a simple marker for visceral obesity, is often used as a parameter of metabolic syndrome and is an essential component in the criteria for metabolic syndrome proposed by the Japanese Committee for the Diagnostic Criteria of Metabolic Syndrome 1) and the criteria issued by the International Diabetes Federation (IDF) 2) . Although it remains under debate whether hypertriglyceridemia is an independent risk factor for cardiovascular disease, both fasting and nonfasting triglycerides have been suggested to be vascular risk factors, as triglyceride-associated risks of cardiovascular disease are present even in subjects with low LDL cholesterol, and lowering both triglycerides and LDL cholesterol provides more benefit than reducing LDL cholesterol alone 3) . Lipid accumulation product (LAP), calculated using waist circumference and the level of blood triglycerides, is a new continuous marker of lipid overaccumulation 4) and has been demon-define diastolic pressure. Prehypertension and hypertension were defined according to the criteria of the JNC VII (The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure) 9) . A normal blood pressure was defined as a systolic blood pressure of ＜120 mmHg and a diastolic blood pressure of ＜80 mmHg. Prehypertension was defined as a systolic blood pressure of ≥ 120 and ＜140 mmHg and/or a diastolic blood pressure of ≥ 80 and ＜90 mmHg. Hypertension was defined as a systolic blood pressure of ≥ 140 mmHg and/or a diastolic blood pressure of ≥ 90 mmHg. In addition, the subjects who received drug therapy for hypertension were included in the hypertensive group regardless of their blood pressure levels. Fasted blood was sampled from each subject, and serum triglycerides were measured according to an enzymatic method using a commercial kit, Pureauto S TG-N (Sekisui Medical Co., Ltd, Tokyo, Japan). A fasting condition of at least 12 hours was expected to be maintained before blood collection on the day of the examination. The LAP was determined using the level of triglycerides (TG) and waist circumference (WC) as follows 4) :
The blood hemoglobin A1c level, which reflects the glucose tolerance status more correctly than the blood glucose level, was used to evaluate hyperglycemia. The hemoglobin A1c level was determined by the latex cohesion method using a commercial kit (Determiner HbA1c, Kyowa Medex, Tokyo, Japan). The coefficient of variation for the reproducibility of each measurement was ≤ 3% for triglycerides and ≤ 5% for hemoglobin A1c. The hemoglobin A1c values were calibrated using the formula proposed by the Japan Diabetes Society (JDS) as hemoglobin A1c (National Glycohemoglobin Standardization Program) (%) = 1.02×hemoglobin A1c (JDS) (%)＋0.25(%) 10) . Subjects with diabetes were defined as those with a high hemoglobin A1c level (≥ 6.5%), according to the criteria for the diagnosis of diabetes issued by the American Diabetes Association 11) . Subjects receiving drug therapy for diabetes were also included in the diabetes group. Hyperglycemia, including diabetes and prediabetes, was defined as a hemoglobin A1c level of ≥ 5.7% 11) .
Statistical Analysis
The statistical analyses were performed using computer software programs (SPSS version 16.0 J for Windows, Chicago IL, USA and R 2.12.2). The mean level of each variable was compared between women strated to be a better discriminator of diabetes than the body mass index, a general indicator of obesity 5, 6) . The LAP has been shown to be associated with the risk of cardiovascular events 4, 7) and to predict all-cause mortality in non-diabetic patients at high risk of cardiovascular disease 8) . However, the cutoff value for LAP has not been established, and analyses of LAP in previous studies were performed using tertile or quartile groups of LAP [4] [5] [6] [7] [8] . The aim of this concise study was to determine the cutoff value for a high LAP for discriminating hyperglycemia and diabetes and to evaluate the usefulness of LAP. Since the cutoff value for waist circumference and a portion of the formula for calculating the LAP are different in women and men, as described below, the relationships of LAP with the glycemic status and blood pressure were analyzed in women and men separately.
Methods

Subjects
The subjects included Japanese women (n = 3,267) and men (n = 6,903) aged from 35 to 40 years who had received periodic health checkup examinations in their workplaces in Yamagata Prefecture in Japan. This study was approved by the Ethics Committee of Yamagata University School of Medicine (No. 112 from April 2005 to March 2006, approved on March 13, 2006) . Histories of alcohol consumption, cigarette smoking, regular exercise (almost every day with exercise for 30 minutes or longer per day) and illness were surveyed using questionnaires. The subjects were divided into three groups according to the average cigarette consumption (nonsmokers; light smokers, 20 or less cigarettes per day; heavy smokers, more than 20 cigarettes per day). The average alcohol consumption of each subject per week was reported on the questionnaires. The subjects were divided into three groups (nondrinkers, occasional drinkers and regular drinkers) according to the frequency of drinking. Subjects who received drug therapy for dyslipidemia (1.1%) were excluded from the study.
Measurements
Waist circumference was measured at the navel level according to the recommendation of the definition proposed by the Japanese Committee for the Diagnostic Criteria of Metabolic Syndrome 1) . Blood pressure was measured by trained nurses who were part of the local health checkup company using a mercury sphygmomanometer once on the day of the health checkup after each subject had rested quietly in a sitting position. Korotkoff phase V was used to hol drinkers and subjects doing exercise regularly were significantly higher in men than in women. The percentages of subjects receiving drug therapy for diabetes and subjects showing prehypertension, hypertension, hyperglycemia and diabetes were significantly higher in men than in women. The waist circumference values were significantly larger and the systolic and diastolic blood pressure, triglyceride, hemoglobin A1c and LAP levels were significantly higher in men than in women.
Determination of the Cutoff Values for LAP
The ROC curves for the relationships of LAP with hyperglycemia and diabetes are shown in Fig. 1 .
The AUC values for all of these relationships were significantly larger than the reference level of 0. . Using the ROC curves, the cutoff value for LAP was calculated to be 21.1 for women and 37.2 for men. The values were similar when calculated using the relationships of LAP with hyperglycemia and diabetes (Fig. 1) .
Odds Ratios for Hyperglycemia and Diabetes in the Subjects with vs. those without a High LAP
When using the above cutoff values for LAP, the proportion of subjects with a high LAP was 23.7% in women and 28.8% in men, the percentage being sigand men using the unpaired Student's t -test. Since the levels of triglycerides and LAP did not exhibit normal distributions, they were compared between groups non-parametrically using the Mann-Whitney U -test. Differences in proportions were compared using the chi-square test for independence. A receiver-operating characteristic (ROC) analysis was performed to examine the optimal cutoff point for LAP. The optimal cutoff point was selected by maximizing Youden's index, the difference between the true-positive rate (sensitivity) and the false-positive rate (1-specificity) in the ROC curve. The area under the ROC curve (AUC) and 95% confidence interval were estimated empirically. In the logistic regression analysis, odds ratios for hyperglycemia, diabetes, prehypertension and hypertension were calculated in the subjects with vs. those without a high LAP, defined according to the cutoff values determined in this study. Age, smoking, alcohol consumption and regular exercise were used as other explanatory variables in the multivariate analysis. The discriminant accuracy of the resultant multivariate logistic regression model was assessed using the percentage of correct prediction. Probability (p) values of less than 0.05 were defined as being significant.
Results
Profiles of the Subjects
The profiles of the female and male subjects are shown in Table 1 . The percentages of smokers, alco- women than in men, and the odds ratios for hypertension were greater than the odds ratios for prehypertension.
Discussion
Using the ROC curves for the relationships of LAP with hyperglycemia and diabetes, the cutoff value for a high LAP was determined to be 21.1 for women and 37.2 for men. The odds ratios for hyperglycemia and diabetes in the subjects with vs. those without a high LAP determined using the above cutoff values were considerably high, and the discriminant accuracy of the resultant multivariate logistic regression model was very high. Therefore, the LAP is a good index for discriminating diabetes, and these cutoff values may be useful.
The present cross-sectional study demonstrated strong associations of LAP with prevalent hyperglycemia and diabetes, which are in agreement with the results of a previous cross-sectional study 5) . However, causality cannot be concluded using cross-sectional studies. In a recent prospective study, the LAP was shown to predict incident diabetes in 5,018 non-diabetic individuals at baseline 6) . Therefore, the findings nificantly higher in men than in women (p＜0.01). The odds ratios for hyperglycemia and diabetes were also calculated using the cutoff values for LAP ( Table 2) . The crude and adjusted odds ratios for hyperglycemia and diabetes in women and men with vs. those without a high LAP were much greater than the reference level of 1.00. The odds ratios were greater in women than in men, and the odds ratios for diabetes were greater than the odds ratios for hyperglycemia. The multivariate logistic regression analysis yielded percentages of correct prediction of 96.9% and 93.8% for hyperglycemia in women and men, respectively, and percentages of correct prediction of 99.2% and 98.5% for diabetes in women and men, respectively ( Table 2) .
Odds Ratios for Prehypertension and Hypertension in the Subjects with vs. those without a High LAP
The odds ratios for prehypertension and hypertension in the subjects with vs. those without a high LAP were also calculated using the above cutoff values for LAP. As shown in Table 3 , the crude and adjusted odds ratios for prehypertension and hypertension were significantly higher than the reference level of 1.00 in both women and men. The odds ratios were greater in 
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indices consisting of two lipid variables and are useful for predicting coronary artery disease [12] [13] [14] . The LAP is a recent unique index consisting of a lipid variable (triglycerides) and an adiposity variable (waist circumference) and is expected to be more useful for discriminating the risk for type 2 diabetes than triglycerides or waist circumference alone. The present study is the first study to propose cutoff values for LAP and show strong associations of LAP with diabetes and hypertension in Japanese subjects. The LAP may be useful for predicting the future possibility of diabetes, as it exhibits a strong association with diabetes. However, there is insufficient accumulation of knowledge regarding LAP, and further studies are needed to confirm the clinical significance of LAP as a predictor of diabetes.
of cross-sectional and prospective studies suggest that the LAP is useful for predicting diabetes. There is limited knowledge regarding comparisons of LAP with other markers from the viewpoint of discriminating the risk of diabetes. In an earlier cross-sectional study by Kahn 5) , the odds ratios for diabetes in the higher quartiles vs. the first quartile of LAP were higher than the corresponding odds ratios in the higher quartiles vs. the first quartile of BMI. In a prospective study by Bozorgmanesh et al. 6) , LAP was shown to be superior to BMI and similar to other adiposity indices, such as the waist-to-hip ratio and waist-to-height ratio, in discriminating incident diabetes. The ratio of LDL cholesterol to HDL cholesterol and the ratio of triglycerides to HDL cholesterol are known to be atherogenic 
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The prevalence of a high LAP, odds ratios (ORs) for hyperglycemia and diabetes in the subjects with vs. those without a high LAP, defined using the cutoff values proposed in this study, and the discriminant accuracy yielded by the multivariate logistic regression analysis were calculated. The odds ratios are shown with their 95% confidence intervals indicated in the parentheses. The adjusted odds ratios were calculated using age, smoking, alcohol consumption and regular exercise as other explanatory variables. The symbols denote significant differences from the reference level of 1.00 ( The odds ratios (OR) for prehypertension and hypertension in the subjects with vs. those without a high LAP, defined using the cutoff values proposed in this study, were calculated. The odds ratios are shown with their 95% confidence intervals indicated in the parentheses. The adjusted odds ratios were calculated using age, smoking, alcohol consumption and regular exercise as other explanatory variables. The asterisks denote significant differences from the reference level of 1.00 (
for the younger group (35-40 years of age) only, in which the AUC was larger than 0.75 in both women and men. Since the prevalence of obesity and dyslipidemia is known to be greatly increased in women after menopause, further studies are needed to determine whether the cutoff value for LAP for women (35-40 years of age) proposed in this study is applicable to women after menopause.
The results of the strong association between LAP and the risk of diabetes coincide with the findings of previous studies 5, 6, 20) . In addition to the odds ratios for diabetes, the odds ratios for hypertension in the subjects with vs. those without a high LAP were considerably high in both women and men in the present study. These results support the hypothesis that dyslipidemia is an unrecognized cause of resistant hypertension 21) . The cutoff value for waist circumference varies among countries. It is of interest to know whether the difference in the cutoff value for waist circumference is reflected by the cutoff value for LAP. The cutoff value for waist circumference generally used to diagnose metabolic syndrome in Japan is 90 cm for women and 85 cm for men 1) ; however, there is criticism regarding the cutoff value for women, and much smaller cutoff values have been proposed as better cutoff values for diagnosing metabolic syndrome in Japanese women [15] [16] [17] [18] . Using the above cutoff values for waist circumference (90 cm for women and 85 cm for men) and the cutoff value for triglycerides (150 mg/ dL [1.69 mM/L]), the cutoff values for LAP are calculated to be 54.2 for women and 33.9 for men, which are much higher and slightly lower, respectively, than the cutoff values proposed in the present study. When 54.2 is used as the cutoff value for LAP in women, the percentage of women with a high LAP is calculated to be only 4.6%. The above high cutoff value for LAP in women calculated using the cutoff values for waist circumference and triglycerides is primarily due to an excessively large cutoff value for waist circumference in Japanese women in the criteria currently used to diagnose metabolic syndrome, and the findings of this study support the above criticism regarding the cutoff value for waist circumference.
The LAP has been shown to be a good discriminator of diabetes and cardiovascular disease [4] [5] [6] [7] 20) . The present study, for the first time, reported the prevalence of a high LAP in the general population: approximately one-fourth of middle-aged Japanese women and men exhibited a high level of LAP, as defined using the proposed cutoff values. A racial difference has been shown in the relationship between insulin resistance and the ratio of triglycerides to HDL choThe cutoff value for waist circumference has been reported to be higher in Japanese men than in Japanese women [15] [16] [17] [18] , which may reflect larger waist circumferences in men than in women. In the present study, the mean waist circumference was much larger in men than in women ( Table 1 ). In the formula used to calculate the LAP, the value of waist circumference is corrected considering its gender difference. On the other hand, the triglyceride levels, which were also much higher in men than in women in this study ( Table 1) , are used without correction in the formula. Therefore, the difference in the cutoff values for LAP between women and men may reflect the gender difference in the triglyceride levels. In fact, the cutoff value for triglycerides for discriminating hyperglycemia obtained from the ROC curve was much higher in men than in women (1.47 vs. 0.94 mmol/L), although the same cutoff value for triglycerides is generally used clinically for both women and men.
In this study, the odds ratio for diabetes in the subjects with a high LAP vs. those without a high LAP was higher in women than in men, indicating a stronger association of the LAP with diabetes in women than in men. This finding is in agreement with the results of our previous study showing that the associations of adiposity indices, such as BMI, waist circumference and the waist-to-height ratio, with hyperglycemia were stronger in women aged 35-49 years than in men aged 35-49 years, while no gender difference in the associations between the adiposity indices and hyperglycemia were found in the subjects aged 50 years or older 19) . In our preliminary study, the AUC for the relationship between LAP and diabetes was larger in women than in men in each age group, and the difference in the AUC was smaller at older ages (60-69 years) than at younger ages (data not shown). These results indicate that the association between LAP and diabetes is also stronger in younger women than in younger men. Therefore, a sex hormone, such as estrogen, is suspected to be involved in the stronger association observed between LAP and diabetes in young women than in young men, although the exact reason for the gender difference remains to be elucidated. In addition, the AUC for the relationship between LAP and diabetes tended to decrease in association with an increase in age in both women and men (data not shown), indicating that the association between LAP and diabetes is weakened by aging. This finding is similar to the finding of an age-dependent decline in the association between obesity and diabetes 19) . Because the AUC in the groups older than 40 years was not large enough (low accuracy) to calculate accurate cutoff values for LAP, we analyzed the data lesterol, another good lipid-related index 22) . Therefore, further studies are needed to elucidate whether the cutoff values for a high LAP proposed in this study are applicable to people of other races and ethnicities.
